Concurrent in vivo and in vitro studies were conducted to evaluate urea 0, soybean meal (SBM), ground soybeans (RAW), extruded soybeans (ES) or extruded soybeans plus urea @+U) as primary supplemental N sources in starter diets for Holstein steers. Three groups of 48 Holstein steers each were fed five different starter diets to 181 kg BW in three experimental periods over 2 yr. Average daily gains were similar (P > .05) for steers fed ES+U (1.12 kg), Es (1.08 kg) and SBM (1.09 kg) but lower (P < .05) for those fed U (1.00 kg) or RAW (.97 kg) diets. Fedgain was similar (P > .05) for Es-fed steers vs those fed other diets except U. From 181 to 477 kg, all steers were fed the same diet. Steers fed the RAW starter diet had the lowest (P < .05) ADG for the entire period. The starter diets were used as substrates for ruminal microbial metabolism in eight dual-flow continuous culture fermenters. True OM digestion was higher and NDF and ADF digestion was lower (P < -05) for the Es+U diet than for the ES diet. Dietary protein degradation was lowest (P < .05) for the ES diet (64.4%). Total bacterial N flow was higher (P -c .05) with the ES+U, SBM and U diets than with the Es diet. Lysine flow was higher (P < .05) for the ES+U diet than for all other diets except ES. Results 
TABLE 1. ASSIGNMENT OF DIETS TO REPLICATE CAlTLJ3 PENS OR CONTINUOUS-CULTURE F H W I N E R S BY PERIOD
tially can be beneficial because more amino acids are made available for absorption in the small intestine per unit of protein intake (Stern, 1981) .
Heat treatment of SBM, roasting of whole soybeans or extrusion of whole soybeans at 149'C decreased ruminal degradation of CP (Plegge et al., 1982; Stem et al., 1985) . Urea in combination with ruminally protected protein has enhanced ruminal fermentation (Windschitl and Stern, 1988) and cattle performance (Stock et al., 1981) .
The objectives of this study were to compare the effects of urea, SBM, ground raw soybeans, extruded soybeans and extruded soybeans plus urea as N sources in starter diets for growing Holstein steers on overall feeding performance to market weight and for microbial fermentation in continuous culture of ruminal digesta.
Materlals and Methods
Experiment 1. Three groups of 48 Holstein steer calves (average initial weight 49.7 f 1.0 kg) were used in three experimental periods over 2 yr (48 calves in each period). Calves, weaned at 4 wk of age when they consumed at least 1 kg dry feed, were assigned to dietary treatments. Each experimental period consisted of a starter phase during which dietary treatments were imposed and a growingfinishing phase during which all calves were fed the same diet to evaluate effect of starter diets on subsequent feedlot performance. Each period used a different set of calves.
In each period, calves were assigned randomly to five diets among eight pens (six animals/pen). Limitations of available pen space necessitated an imbalanced design. The experiment was designed so that there were two replications of three diets in each period with two missing replicate pens from the other two diets. A total of five replicate pens of all diets were attained except for the diet of extruded soybeans and urea, which was replicated four times (Table 1) . M a i n effects were N sources. The five dietary treatments were urea 0; soybean meal (SBM); ground raw soybeans (RAW); extruded soybeans (ES) and extruded soybeans plus urea (ES+U). Exmded soybeans resulted fkom whole soybeans that were extruded at 149'C. Extruded soybeans and ground soybeans were processed from the same batch throughout the experiment. Soybean meal was obtained commercially.
Composition of the starter diets is given in Table 2 . Diets were formulated to be isonitrogenous at approximately 15% CP on a DM basis (Table 3 ). AU dietary ingredients were ground through a 1.3cm screen prior to mixing. Urea supplied 32% of the CP in the U diet. In the ES+U diet, urea supplied 4.4% of the total dietary CP or N equivalent. All diets met minimum nutrient requirements for growing large-frame dairy calves (NRC, 1989 Hannah et al. (1986) . Eight fermenter flasks (average volume 1.03 liter) were used in the system. In the present study, starter diets were assigned randomly to each fermenter within each period that corresponded to different groups of calves in the feeding experiment. Diets were reassigned for each period with the restriction that each fermenter was assigned a different diet in each of the three periods.
Fermenter flasks were inoculated with nuninal fluid collected from a cannulated dairy cow and strained through two layers of cheesecloth into a prewarmed thermos. This cow was fed a total mixed diet of 21% corn silage, 36% Fermenter flasks were infused continuously with N2 (40 ml/min) and temperature was maintained at 39°C. Diets were ground through a 2-mm screen, mixed and pelleted. These pellets, approximately 10 mm long and 6 mm in diameter, were added to assigned fermenters automatically in equal portions at 3-h intervals. Fermenters were supplied with a total of 75 g DM of each diet over a 24-h period.
In each of the three periods, a 5 d preliminary fermentation or adjustment phase was followed by a 3-d sampling period. Retardation of microbial metabolism was achieved during the sampling period by maintaining the effluent collection baths at 2'C. A 600-ml subsample was taken daily from the effluent from each fermenter after the effluent had been homogenized. At the end of the 3d collection, samples were cornposited and two 500-ml portions were lyophilized, ground through a 1-mm screen and used for DM, ash, NDF, ADF, total nonstructural carbohydrates (TNC), diaminopimelic acid (DAPA) and amino acids analyses. A fresh subsample of cornposited effluent was taken for total N, N H 3 N and VFA analyses. On the final sampling day, bacterial samples were obtained from entire fermenter contents. The contents were strained through two layers of cheesecloth and centrifuged at 1,OOO x g for 10 min to remove feed particles. The Supernatant fluid then was centrifuged at 20,000 x g for 20 min to isolate bacterial cells.
The pellet was lyophilized and analyzed for DM, ash, DAPA, TNC and N. A 500-ml sample of buffer solution was lyophilized, oven-dried at 105'C for 24 h and ashed in a muffle furnace at 550'C for 16 h to determine DM and OM. Dry matter of feed samples and lyophilized effluent samples was determined similarly. Sample Analysis. Nitrogen content of the diet, dried digesta and bacteria was determined by macro-Kjeldahl (AOAC, 1980) . Ammonia N was determined by steam distillation (Bremner and Keeney, 1%5). Volatile fatty acid concentrations were determined using a Hewlett Packard 5580A gas chromatograph7 with a Carbopack C/.3% Carbowax 20M/.1% H@O4 VFA column*. Effluent samples were prepared for VFA analysis by the procedure of Erwin et al. (1961) . Total nonstructural chydrates in diets and digesta were determined by the method described by Smith (1969), except that ferricyanide was used as a colorimetric indicator. Fiber analysis of diets and digesta was determined by the detergent system using the sequential analysis scheme of Van Soest and Robertson (1980) . Composite samples of diet, digesta and bacteria were prepared for amino acid analysis using a modified procedure of Moore et al. (1958) . The amino acid concentrations were determined using a Beckman9 Automatic 763 amino acid analyzer. Concentrations of DAPA in digesta and bacterial samples were determined by the procedure of Cmkawski (1974). Ratios of DAPA to N in digesta and bacteria were used to calculate the amounts of bacterial N flowing from fermenters. Digestibilities were calculated as described by Crawford et al.
(1980), except that c o~~t i o n s were made for volatilization of the buffer salt that occurred during freeze-drying. True OM digestibility was calculated as apparently digested OM + bacterial OM.
Data were analyzed using the GLM p r o c e dure of SAS (1982). Model sums of squares were separated into period, dietary treatment and period x treatment effects. The model was as follows: Yij = U + Ti + Pj + (TP) ij + e, where Yij = observed value, U = overall mean common to all observations, Ti = treatment effects, i = 1 to 5, Pj = period effect, and e = residual effect for each observation. Comparison of treatment means with significant (P c .05) F-values was accomplished using Duncan's multiple range test (Duncan, 1955) .
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Results and Dlscussion
Experiment I . Period x treatment (p x t) interactions (P c .05) occurred during the starter phase and the entire feeding period across dietary treatments, but these were predominantly consistent with overall differences to be discussed. There were specific starter phase p x t interactions (P < .05) for ADG between ES and ES+U diets for periods 2 and 3. For the entire feeding period ADG, p x t interactions (P < .05) were shown for periods 2 and 3 between SBM, FS and ES+U diets and for periods 1 vs 2 and 3 for U and RAW diets. These interactions, however, reflected overall trends between average treatment means for the variables monitored during Performance of Holstein steers fed the different N sources in their starter diets is summarized in Table 5 . Steers fed starter diets containing ES+U, ES and SBM had similar (P > .05) ADG, although steers fed the latter two diets had 2.6 and 3.6% lower ADG, respectively, than those fed ES+U diets. Steers fed U and RAW diets had lower (P c .05) ADG than those fed the other diets, averaging approximately 9, 8, and 12% less than for steers fed SBM, ES and ES+U diets, respectively. Daily DMI were lower (P < .05) for steers fed RAW diets than for those fed U, SBM and ES+U but were similar (P < .05) to DMI by steers fed the ES diet, Steers fed the ES+U diet had 11.4, 5.2, 3.7 and 2.5% higher DMI than those fed RAW, FS, U and SBM, respectively, which contributed to numerical differences in ADG. D r y matter intakekg gain was higher (P < .05) for steers fed U than for those fed SBM, ES and ES+U diets. Average DIWkg gain for steers fed U was 9.8, 7.4, 7.0 and 5.1% higher than for steers fed ES, ES+U, SBM and RAW diets, respectively.
Performance of steers during the starter phase of the present study was similar to or slightly exceeded performance of Holstein steers fed different starter diets based on plant protein as the primary supplemental N source (Chester-Jones et al., 1987 . Although steers fed the U starter diets (U supplied 32% of the CP) during the present study tended to be less efficient, results demonstrate the ability of young calves to utilize urea and confinneed earlier work (Miller et al., 1986) . In that study, replacing SBM with U, which supplied 22% of the total dietary CP or N equivalent, resulted Exp. 1. et al. (1980) showed that feed efficiency of 268-kg beef steers fed SBM in highenergy diets was improved by formaldehyde treatment of SBM.
Spears
In the present study, the poorer ADG of steers fed unprocessed soybeans compared to those fed SBM, ES or ES+U is in contrast to observations reported by Van Dijk et al.
(1983), who found that feeding ES to lactating cows had no advantage over feeding raw ground soybeans. Despite some differences in feed efficiency, overall results of the present study confirm the efficient growth characteristics of young growing Holstein steers fed high energy diets as previously described by Chester-Jones (1988). When steers were fed one growing-finishing diet from 181 to 477 kg market weight, performance differences observed in daily gains and days on feed during the starter period remained but differences were less marked when summarized over the entire feeding period (Table 6 ). Steers fed the ES and ES+U starter diet maintained a higher (P < .05) ADG overall than steers fed U or RAW in their starter diets. Steers fed SBM or ES in the starter phase had overall ADG that were similar (P > .05) to ADG of those fed ES+U, but a slight numerical advantage (3.3 and 2.5%, respectively) was maintained for steers fed ES+U. Daily DMI and DM/kg gain were not affected (P > .05) by starter dietary N source and averaged 5.75 and 4.90 kg for the entire feeding period, respectively. Miller et al. (1986) observed that N source and level fed in the starter period did not affect performance over an entire feeding period from 43 kg to 465 kg, with the exception that steers fed increasing levels of urea in starter diets had reduced DMI but increased feed efficiency for the entire period.
Experiment 2. True DM digestion in fermenters was 9.6% lower (P < .05) for ES than for U, SBM and RAW diets and 8.3% lower (P > .05) than for the ES+U diet (Table 7) .
Apparent OM digestion averaged 51.1% and was similar (P > ,05) for all diets. True OM digestion was lower (P > .05) for ES than for ES+U; however, both were similar (P > .05) to the other three diets. Results from a continuous culture study by Blake and Stem (1988) showed no differences between either OM and DM digestion of SBM vs ES in com silagebased diets. Earlier work by Stem et al. (1985) also indicated no differences in OM digestion for SBM, RAW or ES (heated at 132 or 149°C) by lactating cows, In contrast, Wind- $J = urea; SBM = soybean meal, RAW = raw soybeans; ES = exhuded soybeans; ES+U = extruded soybeans and urea. b*c*dMeans in the same row not having a common letter in their superscripts m e r (P < .05).
tion was lowest (P c .05) for the ES diet.
Similar degradation values for ES and RAW were reported by Stem et al. (1985) and similar values for SBM were reported by Blake and Stem (1988) . The 25.9% increase in protein degradation for ES+U over ES may be due to differences in urea utilization that can occur when it is combined with a ruminally protected plant protein source (Windschitl and Stem, 1988) . In that study, when urea was supplemented to diets containing lignosulfatetreated SBM up to a level of 20% of the total dietary N, protein degradation increased as level of urea increased. In the present study, U supplied 4.4% of the total N in the ES+U diet, which contained 85% as much ES as in the diet with ES alone. These differences may have contributed to relative differences in protein degradation observed. Ammonia N concentration in the effluent was highest (P c .05) for the U diet. The lowest N H 3 N concentration was 11.3 mg/dl for ES+U, which indicated that the additional urea was well utilized. This supported observations by Windschitl and Stem (1988) Stem et al. (1985) in a study with lactating cows.
Dietary N flow from the fermenters reflected differences in dietary protein degradation (Table 8) (1978) reported that microbial N outputs were 74.3 to 81.5% of total N flow among diets containing heattreated or untreated peanut meal (with or without urea addition) in continuousculture fermenters.
Efficiency of bacterial synthesis averaged 26.9 g N/kg OM truly digested. There were no differences (P > .05) among treatments, although, numerically, ES had the lowest value, followed by RAW, SBM, U and ES+U, respectively. These results are consistent with those reported by Windschitl and Stem (1988) , who found no differences in efficiency of bacterial protein synthesis between SBM and protected SBM (calcium lignosulfonate-treated). In that study, addition of urea to plant protein sources increased efficiency of bacterial protein synthesis linearly to a maximum of 20% of total N input from urea. The authors suggested that N H 3 N provided by urea was utilized efficiently and, by increasing the proportion of protein degraded, caused a concomitant increase in bacterial N flow. These observations are consistent with those in the present study. Efficiency of bacterial N synthesis in the present study was lower than that reported by Stem (1981) for SBM-, RAWand ES-supplemented diets fed to cannulated results are consistent with results obtained with our U diet but are inconsistent with our ES+U VFA fermentation pattern.
Influence of dietary N source on effluent flow of essential amino acids and total amino acids is summarized in Table 10 . Total amino acid flow was not affected (P < .05) by N source. Individual essential amino acid (EAA) flow was similar (P > .05) with the exception of histidine and lysine. Histidine flow for the SBM, ES and ES+U diets averaged 39% higher than that for the U diet (P < .05).
Histidine flow for the RAW diet was similar (P > .05) to that for all other diets and was approximately 25% higher than that for the U diet. Lysine flow was lower (P c .05) for the U, SBM and RAW diets than for the ES+U diet. Lysine flow for the ES diet was similar (P > .05) to that for all other diets, but values were 14.2% lower than for the ES+U diet. Stem et al. (1985) observed that flow of EAA to the duodenum of lactating cows was higher for ES-(heated at 149°C) supplemented diets than for diets supplemented with Raw soybeans, but it was similar to that of cows fed a SBM-supplemented diet. They also observed no differences in flow of lysine even though the ES diet had a higher histidine flow than other diets studied. Blake and Stem (1988) found no differences in lysine and histidine flow when comparing diets containing ES vs SBM in continuousculture fermenters; however, they observed higher flows of phenylalanine, serine and aspartic acid with ES.
lmpilcations
Although an in vitro experiment confirmed that extruded soybeans were a higher ruminally protected protein source than soybean meal, an in vivo study did not substantiate any benefit for extruded soybeans in cattle starter diets. Combining extruded soybean meal with urea tended to have a positive nutritional response in vitro with improved ruminal fermentation criteria. However, such a synergism was not substantiated in vivo for cattle fed diets containing extruded soybeans in combination with urea. Urea or raw soybeans appeared to be inferior N sources for starter diets. The choice between extruded soybeans and soybean meal as a N source should be based on economics. Improved performance during the 4-mo starting period was retained for the entire feeding period. 
